This research introduces a method for designing a linear fuzzy controller to control the temperature in an injection mould machine. First, a time-delay system is introduced as the temperature control system. The fuzzy controller system is composed of a heater transfer function controller and a decision maker. Both the controller and the decision maker are designed using fuzzy logic, and simulated in MATLAB. For facilitating the implementation of the fuzzy circuit, a linear equation is estimated from fuzzy equations using regression method, and its response is compared to that of the fuzzy controller. Finally, a PID controller is designed and its response is compared to the response of the fuzzy system.
Introduction.
Fuzzy logic plays such a special role in control issues that it is considered as an intelligent controlling method. In this paper the fuzzy method is used to control the temperature and as we see the response gets better in this method. Three articles are used as basic references to complete this paper. In [1] , Prabha has modeled the heater of injection mould machine as a transfer function with time delay as follow:
G(S) =

Ke −τs TS+1
In this paper the same transfer function has been used to model the heater. In [2] , Zhou has considered input/output membership functions of the fuzzy controller in terms of temperature and of triangle type.
The same method has been used to design the fuzzy controller system described in section. in [3] ,hanamane, has implemented a controller using microprocessor to control the injection mould machine temperature. In aforementioned paper the implementation of this controller using fuzzifier and defuzzifier has been argued and a flowchart algorithm with a fuzzy controller has been proposed. In this paper we have used the same algorithm to simulate the fuzzy controller.
Implementing fuzzy rules in integrated circuits has some difficulties such as complex input/output rules and computing decimal numbers. In this paper a linear time invariant equation has been estimated from fuzzy rules using regression method. This equation facilitates modeling the fuzzy system and implementation of fuzzy rules in integrated circuits [4] .
System transfer function
The system transfer function in general is as follow:
Where, k represents the gain, τ system delay and T time constant.
Analyzing injection mould machine concludes that the transfer function possesses one degree of freedom and a time delay as follow:
The open loop system is stable and tracks the set point after a time constant, which is about 560 seconds. To see the advantages of the fuzzy controller, the close loop system results of a pid compensator is compared with that of the fuzzy compensator. Then a fuzzy controller and a switch as a controller are designed and the results are compared to analyze now fuzzy logic act as a controller.
3-Controller design
For aforementioned system a fuzzy and a pid controller are designed in MATLAB and the step results are plotted for each system.
3-1-PID compensator design
The pid compensator is designed so that the setting time of close loop system is reduced. The closed loop system with pid compensator is shown in fig 1.
Figure1. closed loop system with pid compensator
System specifications with PID compensator are: PID compensator specifications are:
The closed loop system output whit PID compensator is shown in fig 2.
Figure2. closed loop system output whit PID compensator
According to fig 2, the setting time is reduced to approximately 300 seconds and overshoots is 35% for this system.
3-2-Fuzzy compensator design
In a closed loop system with step inputs, the compensator outputs are 0 and the plant outputs are 1 ideally. Therefor, the input variable set point of compensator is assumed 0 and the output variable set point of compensator is assumed 1.
The membership functions are considered triangle type. Inputs/Outputs membership functions of fuzzy compensator are specified as follow: Comparing the step results of close loop system with pid and fuzzy compensator we can see that the setting time is reduced from 300 seconds to 60 seconds and overshoot is reduced to 0.06.
4-temperature controller design
Command circuit designed based on oven temperature which is red bye tristor (sensor). This output fed info command circuit. The temperature controller specifies the system input based on oven temperature to simulate this system. It is assumed that the desired oven temperature is 5 degree. To model the noise of the system we assume that the oven temperature variate alternatively between zero and 10 degrees. To simulate this noise a sinous wave with an average of 5, amplitude of 5and a frequency of 0.1 rad/s is added to system outputs as shown in fig 8. When the oven temperature is higher than 5 degrees, the temperature controller feeds a negative signal to the system to reduce the temperature and vice versa. The temperature controller is designed using a switch and fuzzy logic and the results are compared.
4-1-Tempeature controller design using a switch
Here an on-off switch is used as the temperature controller. So that when the oven temperature is higher than 5 degrees (u>5), the switch applies a signal with a value of -4.9 to the system input and vice versa. It is expected that this negative value is compensate the oven temperature variations and a constant temperature of 5degrees (the desired temperature) is achieved. The simulated temperature controller circuit with a switch is shown in fig 8. 
Figure8. simulated temperature controller circuit with a switch
To relay the system output a voltage gain is used. The oven temperature variations using a pid compensator and a switch as the controller is plotted and show in fig 9.
Figure9. pid compensator and a switch as the controller
The oven temperature variates between 3.3 and 6.8 degrees. It means that the tolerance is 1.8 degrees. But in critical situation, it needs to be almost constant or with a tolerance less than 0.5 degrees.
4-2-Temperature controller design using fuzzy logic
Here a temperature controller is design using the fuzzy logic. So that when the oven temperature rises, the fuzzy temperature controller applies a negative signal to reduce the temperature and vice versa. The value of the output signal of the controller computes according to fuzzy rules. Input and output variable membership functions are nominated as follow: 
5-Implimentation of fuzzy system using regression
